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Abstract 
Three different oxides, including SiO2, HfLaO, and TiO2, were considered as the gate oxide (GOX) of an Amorphous Indium 
Gallium Zinc Oxide Thin-Film Transistor (a-IGZO TFT) and the electrical performance of the device was analytically studied 
using Atlas Silvaco®. The device was simulated in 2D environment and the ratio of the on- to off-state current, the subthreshold 
swing (SS), and the threshold voltage (Vth) of the device were investigated using individual oxides. The results are shown that 
significant improvements in the electrical properties in terms of a reduction in the off-state current with a large Ion/Ioff ratio of 
about 1015, a lowering in the subthreshold swing as low as 0.13 V/decade, and a decreasing in the threshold voltage to 0.23 V can 
be achieved in presence of the TiO2 as the GOX layer, compared with the other oxides. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of UFGNSM15. 
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1. Introduction 
      METAL–OXIDE thin-film transistors (TFTs) have received substantial attention as potential substitutes for 
amorphous Si and/or polycrystalline Si in active-matrix liquid crystal displays (AMLCD), active-matrix organic 
light emitted diodes (AMOLEDs), and flexible displays as suggested by Hsu et al. (2014), Qian and Lai (2014), Su 
et al. (2009), Zou et al. (2010), Qian and Lai (2014), Lee et al. (2012), Her et al. (2014), Hsu et al. (2013), Lan and 
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Peng (2011), Chen et al. (2013) reported that one of the most promising candidates for the material in oxide 
semiconductor TFTs are indium-gallium-zinc oxide (IGZO) TFTs, which exhibit superior field-effect mobility in the 
range of 10–20 cm2/V.s, low off-state current, superior uniformity of device performance compared with 
polycrystalline silicon TFTs, favorable transparency to visible light, and a low process temperature ( <300 °C). Su et 
al. (2012), Chun et al. (2011) showed that due to the lowering of the capacitance in the low-k oxides, TFTs with 
low-k gate oxide insulator would have in return a low on-current. To overcome this issue, in the current work, the 
effects of two different oxides of TiO2 (ε = 80, Eg = 3.2 eV) and HfLaO (ε = 30, Eg = 5.9 eV), together with well-
known SiO2, on the electrical performance of an IGZO TFT have been investigated using ATLAS Silvaco®. 
Furthermore, roles of each oxide on the threshold voltage (Vth), subthreshold swing (SS), and on-to-off current ratio 
(Ion/Ioff) of the device have been studied. In the sec. 2 the detail of the device structure and a description on the 
theoretical model of the device, used in two dimensional (2D) numerical simulation, has been given. The simulation 
results have been presented in the sec. 3, and sec. 4 is concerned with the conclusion. 
2. Structure and DOS model of a-IGZO TFT 
      A 2D inverted-staggered a-IGZO TFT structure used in this study is shown in the fig. 1. The structure 
consists of a 20 nm n-type a-IGZO active layer over a 100 nm gate oxide, all grown on the top of a heavily doped 
p++-Poly-Si gate contact which also acts as substrate. Low resistance ohmic contacts of Indium Tin Oxide (ITO) was 
used as the drain and source. Adaika et al. (2015) found that, it is because the ITO has a small metal-semicondutor 
barrier (ϕms) respect to the IGZO, makes it ideal for an ohmic behavior, resulted in a minimum impact on the 
transistor operation. The x-axis was used as the channel length direction and the y-axis was set perpendicular to the 
TFT surface. Furthermore, Fung et al. (2009) explained that since the degenerate conduction might happen in the a-
IGZO TFT, the “Fermi–Dirac statistic” was used during the simulation. Adaika et al. (2015) reported that disordered 
materials (like a-Si and a-IGZO) contain a large number of defect states continuously distributed within the band-
gap of the material. Therefore, the density of states (DOS) model was used to characterize the a-IGZO material for 
trapped charges and generation/recombination in it. This model, as shown in fig. 2a, includes exponential 
conduction/valence band tail states and Gaussian-distributed donor and acceptor-like states. The exponential 
distribution band tail states (gTA and gTD) and the Gaussian-distributed donor- and acceptor-like states (gGD and gGA) 
can be expressed by equations 1 through 4 as given by Fung et al. (2009), Adaika et al. (2015), Lu et al. (2014), Shi 
et al. (2011): 
்݃஺ሺܧሻ ൌ ݊௧௔݁ݔ݌ሺாିா಴௪೟ೌ ሻ                                                                                                                 (1)                  
்݃஽ሺܧሻ ൌ ݊௧ௗ݁ݔ݌ሺாೡିா௪೟೏ ሻ                                                                                                                  (2)                          
݃ீ஽ሺܧሻ ൌ ݊௚ௗ݁ݔ݌ሾെሺܧ െ ܧ௚ௗሻଶȀݓ௚ௗమሿ                                                                                          (3)                   
݃ீ஺ሺܧሻ ൌ ݊௚௔݁ݔ݌ሾെሺܧ௚௔ െ ܧሻଶȀݓ௚௔మሿ                                                                                          (4)                  
 
     where the definitions of nta, wta, ntd, wtd, ngd, Egd, and wgd can be found in Table 1. Since the IGZO  has oxygen 
vacancies (OV) inherent in the material which act as donors; thus, the IGZO as an n-type channel in the TFT would 
operate in the accumulation mode as proposed by Adaika et al. (2015). One of the objective in the current work is 
study of the effect of deep donor-like sates and the tail states on the performance of a-IGZO TFTs. In this work, we 
optimized the setting for the acceptor and donor-like states to 128 and 64 levels, respectively; i.e. an acc./don. equals 
to 128/64. 
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3. Simulation results and discussion 
     In order to evaluate the validity of the model, the numerical simulations were carried out based on the 
theoretical model described in Fig. 2b with ATLAS simulator. The material parameters used in the simulations, 
given in the Table 1, have been obtained from Adaika et al. (2015), Fung et al. (2009), Shi et al. (2011). It should be 
mentioned that the 2D simulations only calculates the distribution of physical properties along the direction of the 
channel length (L). The I-V characteristic (drain-to-source current, IDS, versus drain-to-source voltage, VDS, at 
constant gate-to source voltage, VGS) of the device for different GOX materials have been shown in Fig. 3. It can be 
seen that a greater IDS is passed through the device using TiO2 in compared to the devices having HfLaO or SiO2/a-
IGZO. This can be attributed to larger Cox and higher carrier mobility of TiO2 in which both directly affect the drain 
current. 
   
 
 
 
 
 
Fig. 1. 2D view of the a-IGZO TFT structure with W/L = 180 μm/30 μm. 
 
           Table 1.  The parameters of the DOS model  in a-IGZO and a-IGZO TFT properties adopted in this work. Note                                     
the absence  of  the acceptor-like Gaussian states. 
Description Unit Value Symbol 
Effective conduction band DOS cm−3 5ൈ ͳͲ18 Nc 
Effective valence band DOS cm−3 5ൈ ͳͲ18 Nv 
Density of tail states at E=EC cm−3 eV−1 1.55ൈ ͳͲ20 nta 
Density of tail states at E=EV cm−3 eV−1 1.55ൈ ͳͲ20 ntd 
Conduction-band-tail slope meV 13 wta 
Valence-band-tail slope meV 120 wtd 
Band mobility (electron) cm2 /V.s 15 μn 
Band mobility(hole) cm2 /V.s 0.1 μp 
Band gap eV 3.05 Eg 
Electronic affinity eV 4.16 χ 
Permittivity  10 Ԑ 
Conduction band effective mass Me 0.34 mc 
Total density of the donor-like Gaussian states cm−3 eV−1 6.5ൈ ͳͲ16 ngd 
Peak position of the donor-like Gaussian states eV 2.9 Egd 
Standard deviation of the Gaussian distribution eV 0.1 wgd 
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Fig. 2. (a) The defect states representation within the band-gap of disordered  materials; (b) Proposed density-of-states (DOS) model for a-IGZO 
utilized in Silvaco Atlas simulation as proposed by Adaika et al. (2015), Fung et al. (2009). 
 
 
 
 
 
 
 
Fig. 3. Output characteristics of the device for (a) SiO2/a-IGZO; (b) HfLaO/a-IGZO; (c) TiO2/a-IGZO (VGS has been swept from 4 to 20V with at 
steps of 4 volts). 
 
 
 
 
 
 
a b c 
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Fig. 4. Transfer  characteristics of ID vs. VGS at VDS = 0.1V (a) Linear Scale; (b) Log Scale. 
 
     Fig. 4 shows the transfer characteristics (IDS versus VGS at the fixed VDS of 0.1V) of the device for different 
oxides. As it can be seen from the figure, the TiO2/a-IGZO has the smallest off-current (10
-20 A), so that a high on- 
to off- current ratio about 1015 can be achieved using this oxide, which is much larger than that for the HfLaO 
(~1014) and SiO2 (~10
8). Zou et al. (2010)  illustrated that this should be attributed to larger Cox, higher dielectric 
constant, and higher carrier mobility of TiO2 compared to the HfLaO and SiO2.  
     The subthreshold swing (SS) was also extracted from the subthreshold region data at the maximum slope 
point, using equation (5): 
 
ܵܵ ൌ ሺఋ ௟௢௚ሺூವሻఋ௏ಸೄ ሻ
ିଵ
                                                                                                                                      (5)                    
                                                                                                                  
in which the subthreshold swings have been determined as 0.25 V/decade, 0.15 V/decade and 0.13 V/decade for 
SiO2, HfLaO, and TiO2, respectively. The threshold voltage(Vth) was extracted based on the standard metal-oxide 
semiconductor field-effect transistor (MOSFET) equation of: 
 
ܫ஽ ൌ ߤ௘௙௙ܥ௢௫ ௐ௅ ሺܸீ ௌ െ ௧ܸ௛ሻ ஽ܸௌ                                                                                                              (6)             
 
where ID is the drain current, VGS is the gate bias voltage, VDS is the drain bias voltage, Cox is the gate insulator 
capacitance per unit area, and W and L are the TFT channel width and length, respectively. Vth was extracted from 
the best linear fit of equation 6 to ID versus VGS characteristics between 90% and 10% of the maximum ID (at VGS=10 
V). The Vth of the samples is extracted to be 1.15, 0.57 and 0.23 V for the SiO2/a-IGZO TFT, HfLaO/a-IGZO TFT 
and TiO2/a-IGZO TFT, respectively. Chun et al. (2011) reported that the smaller Vth belongs to the TiO2/a-IGZO 
TFT, indicates an enhanced control capability of gate voltage on channel conduction.  
4. Conclusion 
     The effects of low-k (SiO2) and high-k (TiO2 and HfLaO) oxides on the electrical performance of an a-IGZO 
TFT were studied using Silvaco TCAD. The results show that the TiO2/a-IGZO TFT exhibits superior electrical 
properties, showing preferable output and transfer characteristics in terms of lower SS, lower off-state current, and 
a 
b 
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lower Vth, in compared with the other oxides. Device with SiO2, shows 1.15 V threshold voltage, 0.25 V/decade 
subthreshold swing, and 108 ratio of Ion/Ioff, whereas those parameters for HfLaO and TiO2 were 0.57 and 0.23 V, 
0.15 and 0.13 V/decade, and 1014 and 1015, respectively. Higher permittivity of the TiO2 and the excellent quality of 
the a-IGZO/TiO2 interface, promises a potential candidate for the realization of high-performance a-IGZO based 
TFTs. It was confirmed that a higher-k material can brings the devices at lower gate voltage and low power 
consumption regimes, very desirable to the current driving devices. 
References 
Adaika, M., Meftah, A.f., Sengouga, N., Henini, M., 2015. Numerical simulation of bias and photo stress on indium gallium zinc-oxide thin film 
     transistors. Vacuum xxx, 1- 9.     
Chen, F., Her, J., Shao, Y., Matsuda, Y., Pan, T., 2013. Structural and electrical characteristics of high-κ Er2O3 and Er2TiO5 gate dielectrics for a- 
      IGZO thin-film transistors. A Springer Open Journal. 
Chun, Y., Chang, S., Lee, S., 2011. Effects of gate insulators on the performance of a-IGZO TFT fabricated at room-temperature. Microelectronic    
     Engineering 88, 1590–1593. 
Fung, T., Chuang, C., Chen, C., Abe, K., Cottle, R., Townsend, M., Kumomi, H., Kanicki, J., 2009. Two-dimensional numerical simulation of  
    radio frequency sputter amorphous In–Ga–Zn–O thin-film transistors. Journal Of Applied Physics 106, 084511. 
Her, J., Pan, T., Liu, J., Wang, H., Chen, C., Koyama, K., 2014. Electrical characteristics of GdTiO3 gate dielectric for amorphous InGaZnO thin- 
     film transistors. Thin Solid Films 569, 6–9. 
Hsu, H., Chang, C., Cheng, C., 2013. A Flexible IGZO Thin-Film Transistor With Stacked TiO2-Based Dielectrics Fabricated at Room 
      Temperature. IEEE Electron Device Letters, VOL. 34, NO. 6. 
Hsu, H., Chang, C., Cheng, C., Chen, P., Chiu, Y., Chiou, P., Cheng, C., 2014. High Mobility Field-Effect Thin Film Transistor Using Room-   
     Temperature High- Gate Dielectrics. Journal of Display Technology, Vol. 10, No. 10. 
Lan, L., Peng, J., 2011. High-Performance Indium–Gallium–Zinc Oxide Thin-Film Transistors Based on Anodic Aluminum Oxide. IEEE 
     Transactions on Electron Devices, VOL. 58, NO. 5. 
Lee, S., Hong, S., Lee, Y., Lee, S., Cho, W., Park, J., 2012. Comparative study of electrical  instabilities in InGaZnO thin film transistors with 
      gate dielectrics. Microelectronics Reliability 52, 2504–2507. 
Lu, T., Chen, W., Zan, H., Ker, M., 2014. Investigating electron depletion effect in amorphous indium–gallium–zinc-oxide thin-film transistor  
     with a floating capping metal by technology computer-aided design simulation and leakage reduction. Japanese Journal of Applied Physics 53,  
     064302. 
Qian, L., Lai, P., 2014. A study on the electrical characteristics of InGaZnO thin-film transistor with HfLaO gate dielectric annealed in different  
     gases. Microelectronics Reliability xxx xxx–xxx. 
Qian, L., Lai, P., 2014. Fluorinated InGaZnO Thin Film Transistor With HfLaO Gate Dielectric. IEEE Electron Device Letters, Vol. 35, No. 3 
Qian, L., Lai, P., 2014. Improved Performance of InGaZnO Thin-FilmTransistor With HfLaO Gate Dielectric Annealed in Oxygen. IEEE 
      Transactions on Device and Materials Reliability, VOL. 14, NO. 1. 
Shi, J., Dong, C., Su, Y., 2011. Influence of Deep States in Active Layers on the Performance of Amorphous In-Ga-Zn-O Thin Film Transistors.  
     Center for Opto-electronic Materials and Devices, National Engineering Lab of TFT-LCD Materials and Technologies. P1-6 
Su, L., Lin, H., Hung, C., Huang, J., 2012. Role of HfO2 /SiO2 Gate Dielectric on the Reduction of Low-Frequent Noise and the Enhancement of 
     a-IGZO TFT Electrical Performance. Journal of  Display Technology, VOL. 8, NO. 12.   
Su, N., Wang, S., Chin, A., 2009. High-Performance InGaZnO Thin-Film TransistorsUsing HfLaO Gate Dielectric. IEEE Electron Device Letters 
     , Vol. 30, No. 12. 
Zou, X., Fang, G., Yuan, L., Tong, X., Zhao, X., 2010. A comparative study of amorphous InGaZnO thin-film transistors with HfOxNy and HfO2 
    gate dielectrics. IOP Publishing, Semicond. Sci. Technol. 25,055006 (5pp). 
